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(57)[ABSTRACT OF THE DISCLOSURE] 



[SUBJECT OF THE INVENTION] 

Maintain modification catalyst in the highly 
active state, and provide modification method of 
methanol which can perform modification of 
methanol by high-efficiency over long period of 
time. 

[PROBLEM TO BE SOLVED] 

In method of manufacturing reformed gas which 
contains hydrogen gas and carbon dioxide by 
performing modification-reaction operation of 
methanol in the presence of modification 
catalyst, reproduction operation of supplying air 
to the 4bove-mentioned modification catalyst 
when the above-mentioned modification 
catalyst reached the specified degree of setting 
degradation, and aiming at the reproduction is 
carried out, after that, the above-mentioned 
modification-reaction operation is carried out 
again, this modification-reaction operation and 
reproduction : operation are repeated, and 
reformed gas is manufactured. 
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f MLX&.MtfX&fSHtik'f&Z. modification-reaction operation is carried out 
k$:%ffflt.k-t'2>J l 9 /— /K£>3fc again, this modification-reaction operation and 
ft:frife 0 reproduction operation are repeated, and 

reformed gas is manufactured. 



[DETAILED DESCRIPTION 
INVENTION] 



OF THE 



[oob i] 

* fct&SI- 5 fc.*fc> 9 j -jy 

1-5. I 



[0001] 

[TECHNICAL FIELD] 

This invention relates to modification method of 
methanol for manufacturing hydrogen gas used 
for hydrogenation of hydrogen fuel cell and 
various organic compounds, , or various 
industrial etc., activation of modification catalyst 
used in ^particular for it, and the reproduction 
method. : i 
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[0002] 

[PRIOR ART] .., 

Various research and development is done in 
order to use the methanol-reforming method to 
hydrogen fuel cell for automobile loading recent 
years in particular. 

The methanol-reforming method; is method of 
manufacturing reformed gas which performs 
modification-reaction operation 1 of making 
methanol and water reacting in the presence of 
modification [catalyst according! to gaseous 
phase, and consists of hydrogen gas and 
carbon dioxide. 
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top vertical axis: j quality improvement rate 

41-45: This invention 

49: (conventionally) 

first increment: Reproduction 

i t 

bottom vertical axi§: Temperature 

horizontal axis: Time ; 

dotted line: Setting concentration ; 
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[CLAIMS] 
[CLAIM 1] 

Modification method of methanol wherein, in 
method pf manufacturing reformed gas which 
contains hydrogen gas and carbon dioxide by 
performing modification-reaction operation of 
methanol in the presence of, modification 
catalyst, reproduction operation of supplying air 
to the above-mentioned modification catalyst 
when the above-mentioned modification 
catalyst reached the specified degree of setting 
degradation, and aiming at the reproduction is 
carried out, after that, the above-mentioned 
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And asi the ; above-mentioned ' modification 
catalyst, mixed oxide which consists of copper 
oxide (CuO), zinc oxide (ZnO), and alumina 
(AI2O3) is used. 

Moreover, the above-mentioned 

modification-reaction operation is usually 
performed at 200 - 300 degrees C. 
Moreover, in the above-mentioned conventional 
modification method, since initial stage of the 
above-mentioned modification-reaction 
operation has the large activity of modification 
catalyst, it performs reaction by low temperature 
comparatively, and generally it raises reaction 
temperature with active decline. 
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[0004] 



[PROBLEM TO BE SOLVED] 

However, when such a temperature rise system 
is adopted, as it is made high temperature, it is 
easy to produce crushing of modification 
catalyst, 'therefore clog occurs in catalyst layer, 
and pressure loss in catalyst layer becomes 
bigger. 

Therefore, productive efficiency' falls by this 
pressure loss. 

Moreover, major heating energy is needed with 
the: above-mentioned temperature rise 
operation. 



I0O0 5] 

* bTy v x , mm* 
mmx&mm®z%&lx^ 
5 0 Lrt>U frfr'z>&mMm& 



[0005] 

Then, conventionally, this productive efficiency, 
comprehensive thermal efficiency, and ' cost 
increase accompanying it are considered, and 
modification catalysts are exchanged in suitable 
phase. ; : 
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&<Dtzib\zte, KJfcflsffrb However, for this modification-catalyst 

<£>#V N &Wfl$j!&<£>|x9 ttJU ^ exchange, long period of time is needed for 

1&, Klfc* y $ r-(D%i LV^ekJf filling of new modification catalyst to extraction 

f&!fc<Dftm^\Z&Mffl&&gk of old modification catalyst from reaction tank, 

■f"5 0 £75:, -tcoPfl, cieaningi andireaction tank etc. 

fc&fNi^Xfr&x.'f , Moreover, modification-reaction operation 

Sr®}it1"§ n a> cannot be performed at all and reformed gas 

^S^ftjsTIJ, 9 J— cannot be manufactured in the meantime. 

^BfeSffSSSr § L In this state, methanol-reforming apparatus is ' 

T, ^ixri»M#&;h£7klS#;fc carried in automobile, for example,, and when 

£*^Blj^fli&(£teflJlK3& using hydrogen gas obtained from it for 

•£v §i(j<[^ffl{c:^:#/«c^S#i: hydrogeiii fuel cell, it is serious hindrance to 

automobile use made. 

10 0 0 6] [0006] 

frfrZ>?$&&f&fki-Z>ittbfc,'\ In order to solve this problem,' in 

4#HBg 6 2-3 6 00 1 Unexamined-Japanese-Patent: No. 62-36001, 

T*li^jk6<jlwj^)|si-itf^, while catalysing fuel gas, reformed gas,, and 

*£It*£ttj&^ljc2 OBfrWK: oxygen, lit was! made to coexist through 20 

t>tz<0 hours intermittently, and method of recovering 

S^rfe^rJiliLTV^So t^U activity is proposed. 

-GD^-nKli, efeWS/^^lC^ However, in this case, even if oxygen coexisted 

^rt* L T k , £0:% ittb & in modification reaction, degradation was not 

z\bl*X' t ftrt^fcp c\i%\zr> able to be stopped. 

^^Xit,M^MM^i4X'7pi- 0 About this,: : it shows in below T mentioned 

; Example^ : 

[000 7] [0007] 

Sfco #i¥4-2 0 0 6 4 0 Also. 

-S-^ttfCfi.. £ 1 2 In Unexamined-Japanese-Patent No. 4-200640, 

0*0—6 5 0X^\tXftl*&^% it proposes attaching modification catalyst in 

$S 5 ^/W%^T<Z>#IS^{C^ atmosphere , With a molecular oxygen 

t5: t Sr^fl LT^ N S 0 */b, concentration of 5 mol % or less at 120 degree 

«MJB¥ 9- 7 5 7 3 4 -S§-^$fiT C-650 degree C: 

it; cSfeHtflt^S: (1) zK^ta^T Moreover, pretreatment according modification 

(2) catalyst to (1) hydrogen-containing-gas at 

10/29/2003. j 7/38 (G) DERWENT 
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W#*(-ik£^bM, RXf Unexam|ned-japanese-Patent No;. 9-75734, (2) 

(3) 3S7ctt^^fc J: D S4*0» carry out oxidation treatment by oxygen 

a?ri"5 ^ £fl§38 LTl N 5o L containing gas, and (3) regenerate by reducing 

i*l/44*6, ±&2%<D&m* gas are proposed 

{Cli, 8£^$Uf^7k^i!iS However, in order to treat said 2 person, there is 

?:^^L^#^J<D : i/^^i^g® the need of having special gas feeder which 

fcOjfrH;& 5; fr5o; specified oxygen concentration and hydrogen 

concentration !' , ; 

« 

[000 8] [0008] 

£ , ±IE 3 -oO&WZTjk £ fa Moreover, in almost all cases, in method shown 

&Jjmz.$S\,^Xl*,\ V^-fti^H by the three above-mentioned gazettes, 10 to 

HSM Xh, ?l , fki& 1 30 hours is required for regeneration; process in 

0#, \ZbAs¥Ql§&l 0-3 any Example for at least 10 minutes. 

0B#rflSrgLTV^ o £ , i Moreover, it is only measuring quality 

tt^C»^&(i, £&®^£r#;*^ improvement rate by gas chromatography etc., 

p-t WyytiifKi: flilfJSi" and these method does not have the degree 

5©^tfc9, #te£*fctti¥© detection means of degradation. - 

£WLTV N #V\ ±<D£o\z, Thus, since the above-mentioned : method 

±fE^&{t, ^iJ^O^^^^lk requires long time for special gas feeder and 

Wt*?, 15&faWzMt$Wl%WV : , regeneration process and does ,not have the 

fc&f fcJttfc tli#U £ t> fc easy decree detection means of degradation, it 

l^fc#>, rSv^S^^r^^FLfC is hard to maintain high quality improvement 

< < , § Rj^ffl # if^ibffl li t> rate, and objects for transfer, such as object for 

t X *9 , Ziiiiffl "C t^ffl L (C < automobiles, cannot use object for station easily 

^\ \ from the first, either. 

[0 0 0 9] [0009] ; ( 

&&Wl$i)*f)*5ffi$<D?$M&lZ. This invention tends to maintain modification 

BlifrX, catalyst in the highly active state in view of this 

tCjfltJ^L, £Mflt£ift9ittfl§* conventional problem, and tends to provide 

X*t$;—;\'(D?k%$:fxt£o t modification method of methanol which can 

t ftX% 2> / 9 J f-/UO&M^ perform modification of methanol ' by 

L <fc o ii ir %> h (DXfo high-efficiency over long (ieriod of time. 
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[0 0 10] [00101 

mm<DM®:^m [MEANS TO SOLVE THE PROBLEM] 

c&Kfte^^fc&T^, In method of manufacturing reformed gas Which 

* 9 ^OKR'klClftf^^r^f cbntiains hydrogen gas and carbon dioxide by 

t£ o r. t % i: 0 7k$$tfx £fit$t performing modification-reaction ■ operation of 

If* b%1sft1r£&Wtf*%l$& methanol iri ! the presence : of: modification 

iai"6^&lcioi/^T, ±i2i&K catalyst, reproduction operation of supplying air 

f&W£j%%<OWLfe%ik8L\Z-M\s to the above-mentioned modification catalyst 

fcl^tcfi, ±SS5kKttttl?iStL when the above-mentioned modification 

T Lxk:<Dft$iZm catalyst reached the specified degree of setting 

£tt!£¥kfc&1f l #i\ ^O'&M degradation, and aiming at the reproduction is 

Xf±B&f&KJfc®jfr&4Tte l v j carried put,' after that, the abojve,mentioned 
frfi*Z&WRl£Mfe modification-reaction operation is carried out 

<t ^^iSLTftSf^^iiii again, this modification-reaction operation and 

ir%> t %%irWLb ir%> *9 J — reproduction operation are repeated, and this 

/U603JcW^fe^fc5o invention manufactures reformed gas. 

It is in modification method of methanol 
characterized by the above-mentioned. 

[ooii] [0011] ! : : 

^fttyllZ-te^^Xf&k&B-f^^ Point which should be noted most in this 

3kK/ttftEi 5 ©f56wSttjE^ invention is supplying air to. modification 

Lfc»££f±&Kttifc catalyst, when modification catalyst's degrades 

(d^fLX^^Sr^in LT, %:<0 to specified actiyity, aiming at the activation and 

BSS, H^$rH9',| -££>f£StF reproduction, performing modification reaction 

&®Kj££tT#v\ again after that; and repeating this. 

[0012] [0012] 

&t£, *5SWOflF.ff Sft*lCo t Next, it illustrates per effect of this invention. 

IftW"t*£ 0 : ^^Wf^^o^f fi»! In this invention, when modification catalyst 

il^itSwH, ±fE3feg? degrades in the above-mentioned 

fcf&& l i¥^fc&Mf&!l&t££jt modificatipmreaction operation aijtd the activity 

L, ^coStt^^^c^^^^t; reaches the specified degree of setting 

f£\z$£L,tzk£\z; E&ff&f&Jft degradation so that it may explain in full detail 

i 
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JL^ltLT, 1 iifcflftfe^tc below, modification-reaction operation is once 

*ft"t, ^^£{ft#Q-f 2>?f£8& stopped and reproduction operation which 

flFirtT^tSo Utilzkty, i&ft supplies air is performed to modification 

^liWS»;fceffH8** catalyst. 

f£f£lcS££ix5o| . Accordingly, modification catalyst is again 

regenerated by activity almost comparable as 

1 beginning. ! 

[0013] [0013] 

^It, St>*3fe^K^^f^^^T Then, modification-reaction operation is 

ft 9c -tllx, £<p&^S/£$fe performed again. 

i^^nV^±m^^it&\^M And. when ; it reaches again , in this 

Ltck^lzit, ±fE<hl^$S<7>?? modification-reaction operation at 1 the 

QEMfe^'iiteOo £<Dtz£> t & above-mentioned degree of setting 

SWtelBIEW:. ^(^KftttftlHMiiJi degradation, reproduction operation similar to 

ftZtl, &mmizm 9 the above is performed. 

*9 J ^-/i^&StSrfTft 5 i <fc Therefore, modification catalyst is always 

fcX^&o maintained by highly active state, and can 

perform modification of methanol by 
high-effiiiency over long period of time. 

10 0 14] [0014] 

&1£fikb&<D$f&TT\ ^ Moreover, performing modification-reaction 

fiHz£ !Q / # / — ii'kfcb&El operation of making methanol and water 

fc£lt%&1ifx1$Wft%fr?<i: 5 reacting according to gaseous phase is 

ItXItj * # / ^frbikb^L performed in the presence of modification 

^xt^Kfo^Z acKRJ^^ catalyst, ! or ' ! ; \ • : | 

SrtTft ? C i £ <fc 9 7k^#;* i In method of manufacturing reformed gas which 

$t$fc1t7* t yjtiitMjS* b$$& contains hydrogen gas, carbon dioxide or 

t M^tf^ b £r^^P#~Siifc hydrogen gas and carbon dioxide!, and nitrogen 

§f# ^ ^rSii^'f 5 #ifc feists gas by performing modification-reaction 

T, ±tEefe®fl4^A s &r^c^I9!^ operation of making methanol, water, and air 

£{kf&\zM L/c$Mc:fi, JilEfife reacting^ reproduction operation qf supplying air 

Wftkt&fcft LT£k£r#y& LX to the above-mentioned modification catalyst 

-tco^££ia£??£j&f^£fT& when the above-mentioned modification 

v\ ^^1&^O^i2&frix/&^ catalyst reached the specified degree of setting 

I ' .' 
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degradation, and aiming at the reproduction is 
performed, after that, the above-mentioned 
modification-reaction operation is performed 
again, and modification method of methanol 
which repeats this modification-reaction 
operation arid reproduction operation, and 
manufactures reformed gas is. 
Also in this case, effect similar to the above can 
be acquired. 

i ... 

[0015] 

Next, it illustrates about preferable aspect at the 

.', ,! 1 

time of performing the above-mentioned 
modification method. 

First, in order to detect the above-mentioned 
degree of setting degradation, it is preferable to 
comprise the degree detection means of 
degradation. 

Accordingly,! the degree of settinjg degradation 
can be detected automatically. 

[0016] 

Next, as the above-mentioned degree detection 
means of degradation, temperature, CO 
concentration, methanol concentration, 
hydrogen concentration, CQ2 Concentration, 
H 2 6 concentration, and means to detect any 
one or more kinds of gas flow rate are 
preferable. 

Moreover, it is preferable to have means by 
which temperature, CO concentration, methanol 
concentration, hydrogen concentration, CO2 
concentration, H2O concentration, and means 
to detect any ohe or more kinds of gas flow rate 
are comprised as degree detection means of 
degradation, and ratio by the sideiof entrance of 
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modification catalyst and outlet decides the 
degree of degradation. 

[00171 

Furthermore, as degree detection means of 
degradation, means to detect any one or more 
kinds of temperature CO concentration, 
methanol concentration, hydrogen 
concentration, C0 2 concentration, and H 2 0 
concentration gas flow rate are comprised, and 
let value which it detected be the degree of 
degradation, it is preferable to have means to 
decide season Of reproduction operation based 
on proportionality estimation of period until it 
takes ratio of this degree of degradation and the 
degree of setting degradation and reaches the 
degree of setting degradation. 

[00181 , 

Furthermore, it is preferable to have means to 
decide reproduction season based on 
proportionality estimation of period until it 
comprises temperature, CO concentration, 
methanol concentration, hydrogen 
concentration, : C0 2 concentration, H 2 0 
concentration, land means to detect any one or 
more kinds of gas flow rate, as degree detection 
means of degradation, it compares entrance 
side of modification catalyst and ratio by the 
side of outlet with setting value and it reaches 
the degree of setting degradation ■ 

[boi9] ? . : i ;i , i ■ 

Next, it is preferable to carry 
modification-catalyst component which makes 
metal or cordierite system ceramic carrier, and 
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T/i' 5 9 n j^(T>\i^-f ti has any one or 2 or more mixed oxide of 

fr— o£fcf±~oj^_beo2g;-gi$? copper, zinc, aluminum, and chrome as a main 

{b^££$#<ht;5&Kfefe$/& component as the above-mentioned 

'A&feiftLtz briX-hZZk & modification catalyst. 

i . \ 

[0 0 2 0] [0020] 

£ tc,' afefffliigi; LTte, Moreover, modification-catalyst substance 

iztz&p — isx.y4 Ylh^y 5 which makes metal or cordierite system ceramic 

y 9 t L^, : gg$b\ T/V carrier, and has any one or 2 or more mixed 

5 — ^^, > n J*0\f"*-f tlti*-^ oxide of copper, ;zinc, aluminum, and chrome as 

o^fciiioj^icpjgi^^t;^) a main component as a modification catalyst is 

£±^><hi~5&KM$^K£ carried, and it is as degree detection means of 

&ftL t £ik&$im^&b LT, degradation, it is preferable to measure 

&KM$£AnMeb ffiPftiJMfc modification-catalyst entrance side, outlet side 

cfctf fcblP GO^SSri'J^L, A temperature, and outlet CO concentration; arid 

PftiJi: tfcj Q M<Dpljg Ufc to take method of deciding reproduction season 

tfcjp C Oj&fiOi&^ir t.tt^t based on proportionality estimation of period 

L, Wlfe'£ik&\z.mt%nWib Which peaches the degree! of setting 

it^>J^iiJ(^S<5#il^^p^Sr^ degradation, as compared with (entrance side 

^i"5^&^r^5n^*^T*L and setting value of outlet CO concentration 

\e\ Z(D^^icit; ttiWv^y corresponding to temperature by the side of 

* V >?t\<^1tU*E^W£ outlet. 

i£ikfc&.ttz^&{z ttbP C : 0 Iri this case,, also when unreproducible 

i^Jjt&r— JSZitfL^ifch kl^psfr^: degradation of sintering of catalyst arises, effect 

^#^>H5o of maintaining; outlet CO concentration at 

steady value is acquired. 

[0 0 2 1] [0021] 

2fct, ^35W^3o^T, ±tE3fc Next, in this invention, as catalyst component of 

%9A^<D^^f^^'t \^X\X M the above-mentioned modification catalyst, for 

iff C u p t Z: n O t A j 2 O example, it consists of CuO, Znp, and Al 2 0 3 , 

3 t fchtlZWi&i&iktfo* My and thoie whibh carried mixed oxide, copper, 

2 o A , ffi$&Sr<aj# Lfc t> <£> ^, chrome, and zinc, those oxides, etc. exist. 

^tih^^it^i^F^h^o Moreover, as structure of modification catalyst, 

&IfflilS£cQ$|i£<t LTf±, there is individually catalyst made by form of 
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reproduction operation. 

This degree of setting degradation, for example, 
it is considered as time of raising to existing 
fixed temperature with a temperature in catalyst 
layer of 180 - 320 degrees C. 
This is usually for making temperature higher 
0.1 - 140 degrees C than the 
modification-reaction operating temperature 
into the degree of setting degradation in order to 
perform modification-reaction operation in 180 - 
320 degrees C. 

[0024] i ; M I 

Moreover, the ! above-mentioned degree of 
setting degradation can also be defined by 
measuring outlet CO concentration. 
In this case, for example, let time of reaching 
CO concentration in any one of between 0.01 to 
2% of CO concentration be the degree of 
setting dtegradation. 

Since it is poisoning substance of electrode 
catalyst of fuel cell made when utilizing the 
methanol-reforming method of this invention as 
a source of hydrogen of low-temperature-form 
fuel cell (solid-polymer-electrblyte type fuel cell 
and phosphoric, acid fuel cell), it is necessary to 
restrain CO as low as possible. 

[0025] 

As method of reducing CO in reformed gas as a 
post-processing of modification method of this 
invention, it is water gas shift reaction, 
moreover, CO iis oxidized selectively or there is 
the method of carrying out methahization. 
However, in order to reduce sufficiently CO 
concentration which makes reactor compact 
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ff&1fr1&ftHZ.&1fe1-Z)COWk&Z and is supplied anyway to fuel cell, it is 

?E^> iz.i&Mi' 5 tz #> iz. it , necessary to reduce CO concentration as much 

B#{wfcv x T, T'^SfcrtCOjg as possible at the time of modification. 

f&&1fk$VXte<.ipyg&fo% 0 Thus, it is appropriate to choose CO 

^(D«fc 3 \Z.COigkk&Wtfe£ik concentration as a degree of setting 

feb £ t it, degradation, yvhen using this indention to fuel 

MMi/^ A/£'iffc*jSM*i cell system etc. 

[002 6] j [0026] 

IbftttJ&^bflEfi; ■ akjl Moreover, the: above-mentioned degree of 

Rl£!l^l*ti»ft6W*. BP setting degradation can also be defined by 

h t 9 J —;\'<Dffi%ftikMi3% measuring wtjiati % of quality improvement rate 

iZ&^&titcfr&ffltfiir Z) £ t at the time of modification-reaction operation, 

IZ J: o*t^^> <5 £ i: So i.e., methanol, is modified by hydrogen gas. 

rcDi^Kfi, 0*J;itf, efeW^ In this case, for example, let time of reaching 

ri> 8 6 ~ 9 9 . 9 %<Z)|ll]<Dl^ quality improvement rate in any one of between 

ti7)^ekK^^^Lfc^;^^ 80 to 99.9% of quality improvement rates be the 

fe'£{k!%. t i: £ o ! degree of setting degradation. 

• : : ; ; ! ' ; . : ! ■ ' 1 

[0 0 2 7] [0027] 

±f£&S;^te, M$£ti} P \z jo ft The above-mentioned quality improvement rate 

5, tK^^S, Cb 2 ^JS, > is detectable also by measuring any one of 

9J — yH&iS:, H 2 O^g, # hydrogen concentration in catalyst outlet/ C0 2 

^^flcov>Tti,'7&>f-oSril9^-t' concentration, methanol concentration, H 2 0 
5 £ <b &frfC £ 5 o BP *p concentration, arid the gas flow rates. 

H*PT?foS ^ $ J f-Ash zK£>tfc That is, ;it cap search for quality improvement 

l&i bhhfr Ctbfylfe UX V * rate in simple from any one or 2 or more amount 

fcTfc^iglJg;, C 0 2 Wk&, *9 J of methanol which is known, amount of supply 

—J^Wtfe* H 2 Qj|g, jf^M of water, and hydrogen concentration measured 

ikcotv^f tifr— o&fcfi~oj£A beforehand, C0 2 concentration, methanol 

-h<7)S : <t , BfeK^^IBffiiS^-lBi concentration, H 2 0 concentration: and gas flow 

IJWfc&ft^fr^tb-S £ h rate, and relation of quality improvement rate. 

[00 2 8] [0028] 
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f&ftm&X'^is-y h^fzfi*' y. pellet or tablet by catalyst-component 

h<DMmzim&htcmmm independent. 

tfhZo %.tz, -hiE&Wflil&ii, Moreover, the above-mentioned modification 

*x>'V;**^- i ii'^£)&Jil£r catalyst has supported catalyst which made 

s^-jj J±^^<D&&J$)k\z.mf& metal carrier which formed metals, such- as 

L/c&M&ftC:, ±|Eili'H'®Hb stainless' steel,: in three-dimensional form of 

®^<DMl!&&ft%ii§.ft&-ittz%l honeycomb etc. carry catalyst components, 

ftf&t&tf&Z) (M4&ffl)<> such as the above-mentioned mixed oxide, 

(refer to FIG 4). 

[0 0 2 2] ; [0022] • 

2fc3§33f4,; JhjE:^$4l#jji&„ £1$f The above-mentioned individually catalyst and 

fefe^i/ tKDm&lz 4> jiffl-f 5 supported catalyst of this inventioh can be used 

Zbtf-<?%Z> 0 ft 33, ifoa in any case. ' 

f£fii$£ti, $\Wifc#/h £b^1ttb Furthermore, since the latter supported catalyst 

teifttttcMtiTi/^o K has small calorific capacity, it is excellent in 

fctfM* ?y-^+fc<D#x) startability. 

b^kWf^bfDW^M^t^^ Moreover, since contact area of reactive gas 

< foti&fLtb, ^EMifafyh&H, (gas of methanol + water) and modification 

* tz.f&ti&M <0 1 9 tf> jt catalyst can take greatly, productive efficiency is 

ffifcHtt-e&So $.tz, Z.<DW> also excellent and weight per unit volume of 

•&lcf4&f££J&t$fp0#<E> ;'< 9 / catalyst layer is also lightweight. , 

— fr&^MQT^W&fe, $lz.lif Moreover, in this case, methanol 

2 ~ 7 /%$bX% < , reference-standard liquid space velocity at the 

wi%tip&l&fiki&<D time of modification-reaction operation is as 

Wi&Wt,' ±£&MtiiXt$, #\> large as ;2 to 7 ;/h, and its productivity is high. >■ 

0 . 3 ~ 1 . 0 b /Jv£ V V Furthermore, 'in the first individually catalyst, the 

above-mentioned space velocity is as small as 
about 0.3- 1.0 /h. . 

[00 2 3] [0023] 

±ne.Wtfe'£ik8i b \t, &&fffl<D Since catalyst activity fell in prolonged 

&KRI&&fcW£1&f&fe&ifih modiflcationireaction operation, • the 

T Ltztz feifSlfk^f^SrtT^ above-mentioned degree of setting degradation 

9&^#£Dfc&ji&?£'l4lg:£t , > means the degree of catalyst activity which 

9 0 tttt£#4k0Efi. Wx.lif& needed to perform the above-mentioned 
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&'Xfcfc®ift t P<DU8[ J $ , CO& Since setup of temperature and CO 

X&ISiSvtfi&W^iz.&.SWl concentration during modification-reaction 

fe£it&(DWt&l*, M-^S-p operation, or the degree of setting degradation 

$&&<*n^-f*iri\ by simple quality improvement rate is 

9k*aT'£ i <5fci6, /fc^te detectable with temperature, various 

tc^tlXV^o -kX<D% concentration, or gas flow rate:, it excels in 

*$#£$J£LT^ffsSS£3fca6 responsiveness! \ 

ft, %'£&)t£?k'gM.&. On the one hand, when measuring all gas 

f^<fc 9 ^^^j'fbSSrlS^i'S £ components and searching for quality 

bfcX'pZ), | improvement rate, the degree of setting 

degradation can be set up according to 

j essential modification level. 

; 1 ; '■■ ' : ; . •: | if . i 

[0 0 2 9] [0029] 

lk\z, ±Lmn4L®mz*ittZ>£ Next, as for supply of air in the 

HtDfct&Iri, t&j!&jflHct5ftZ)p above-mentioned reproduction operation, it is 

^SiFffjiiLStS' 2 0 ,0~ 8 0 0/ preferable to make gas space velocity in 

tifk-i- ftZkmig. LV\ catalyst layer into 200 to 800 /h. ; 

Z.CDQW&felt, ;2 SX:<D£% Furthermore, this space velocity is vaiue at the 

^:^>1t^(D^h^>o 2 0 time of using 25Vdegree C air. 

0 /tif&ffiXtiW&Wiiftz&tif When long time is required for reproduction 

FaJSrH L, 8 0 0 ;/8#£$8;t 3 operation if it is less than 200 /h. and 800 /h is 

<k, < , <&WMffli exceeded, as shown in next, surface 

<£>^B5?iUSri s ±#iLj!i#*T, ijfe temperature of modification catalyst rises too 

Kfofe^ffi^^j? y much, and there is a; risk that 

ifcp) Sr^Cl LT©t*t^^?v6»{SiF modification-catalyst surface may cause 

LX l>%. ?mtipsfo2> 0 Wife sintering (sintering) and active (Capability may 

(Dmmmx'it, t^mmxmk decline.' : 1 

j&jfeLtztf, 3 2 0 < t£rl£;i& In the below-mentioned Example, although air 

v^^bf^^^rliftL, R^Sr supply was carried out in this range, if 320 

-¥-#>"Ct><fc<' , > 0 degrees C is not exceeded, the quantity of air 

may be loaded, and it may bring reaction 

forward. 

• ' : : -i" \ : • • 

[0 0 3 0] [0030] 

Bpt>, JbsEWdfej&ftfltCifi, £ That is, at the time of the above-mentioned 
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^oM(^J;oT, : reproduction operation, temperature of 

iU!£:;dS_L#"t~£o ^tUi, t&ff modification catalyst rises by supply of air. 

Sxfc&iftpiz&'gip 7s <F>i$M13 Catalyst component once reduced by hydrogen 

*f£<fc>>T— RQ U^MjItgc* gas of reformed gas in modification-reaction 

^T^fctoM^lr^iE^^^ operation at Cu etc. reacts with oxygen in the 

(DMM t LXMit^l^Wk- above-rrientiqned air, oxide is regenerated, and 

£ix, ^<D^(Dfxfc&Az& o X this is considered for raising with! reaction heat 

±#-f 5 fc* t ^>ti6o at that time. 

I 0 0 3 1 ] [0031] 

^ZX', Z<D&MMI&(Dm&±. Then, temperature rise of this modification 

#£&*oU f?£&f£B#l;::te&;t catalyst is detected and supply of air, i.e., 

5fWB&I©M^^fit£iiL reproduction idperation, is stopped by place 

tzbZ%X£%<Dfcfe, IP*># where temperature of catalyst layer at the time 

£!&f££ "fih-t" 5 0 ±fejag(0 of reproduction operation reached steady value. 

±PS(i, 4 5 0^C^$f*L<, 450 degrees C is preferable and, more 

3£{c#f £ L < Ii3 2 Ottfc preferably, upper limit of the above-mentioned 

So Z.ti <fc 9 h, li^MSlcftiS temperature is 320 degrees C. 

£ , ftKA^tf)^ to i/ ^ ^ y Rather than this, when made high temperature, 

V^Srjgw L, surface of modification catalyst causes sintering 

1"Sfc^:tt55 5 fe5o and there is a risk that catalyst 'property may 

degrade. 

1 0 0 3 2 ] ! [0032] 

±iafS£j&fl2B#b:fcMt5^<D As for supply! of air at the Itime of the 

^KKJ&fc&flF&'t'Ji: L above-mentioned reproduction operation,, it js 

fcifi o z t tfft £ preferable to carry out immediately after 

l\, rix{C«tt), stopping modification-reaction operation. 

?@.T (1 80 — 320 °C) tcjo Accordingly, reproduction operation can be 

l^T, mftpi~ZZ bti*X% , W started under high temperature (180 - 320 

£j&^&$)^#Jj'fr & degrees C), and reproduction operation can be 

"C#5o & performed efficiently. 

WKJ&j&fl^Jl:^ fliRtfg^ Moreover, reproduction operation can also be 

(N 2 ) l>Xf&t&M performed : by supplying | air after 

•PcoKJ&tf*. efe^^^Sr/N°— modification-reaction operation stop (for 

LfcSh ^^Sr^*oi"5 CI <fc example, after supplying nitrogen (N 2 ) gas and 



10/29/2003 18/38 (C) PERWENT 



Best Available Copy 



JP11-79702-A' 



if 

bits, *tz, 'immFtam 
tbmztemkm&m&i* 100 

~4 5 OXl-Z&ZZtfcfftt. t 
< 3E{C$f^L< « l 8 0-30 
Ot^fSBBT'fcSi 

10 0 3 3] ' 
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purging reactive gas in catalyst layer, and 
reformed gas). 

In this case t the effect of softening generation of 
heat by oxidation of reformed gas or methanol 
which remained to catalyst layer is obtained. 
Moreover, in ; order to perform reproduction 
operation efficiently, more preferably, range of 
temperature of catalyst layer being 100 - 450 
degrees C at the time of start qf air supply is 
1 80 - 300 degrees C preferably. 

[0033] 

Although above described j reproduction 
operation at the time of modification catalyst 
reaching the specified degree of setting 
degradation, when using methanol-reforming 
gas of this invention to improver for automobile 
loading, the above-mentioned reproduction 
operation can also be performed short time at 
the time of (the completion of ijiight etc! and 
automobile operation. 

Accordingly, modification-reaction operation by 
modification catalyst of high active state can 
always be performed in the next morning. ; 
Moreover, it can be made to be able to 
regenerate in a short time at the times of 
system stop, such as the time: of bil supply, and 
modification-reaction operation by modification 
catalyst of highly active state can also be 
performed next time at the time of start-up. 

[0034] 



l&W<Omi&<DJ&p] [EMBODIMENT OF THE INVENTION] 

Embodiment 1- 

*&W<DmMftMfflizfrfrZ* It illustrates using FIGS. 1-3 per modification 
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$ / -/Kaefcttfrfclco* m 1 method of methanol concerning Embodiment of 

~E)3£ffl^TM-#-5 0 #0j this invention. 

<0*fiS~/W&%J,mt, W Modification method of methanol of this 

2 , ffl 3 (c^-f ri: < , ^ft/tt example is method of manufacturing reformed 

illOWt; fMBICtb gas which consists of hydrogen gas and carbon 

* * / -yu £ £ * h dioxide, • by performing modification-reaction 

5 i ir^j; operation of: making methanol and water 

*)jnmiJ*t&mpxkfrhtJ: reacting according to gaseous phase, in the 

presence of modification catalyst, 11 as shown 

*• . in FIG 2, FIG. 3. 

[0 0 3 5] - [0035] , 

*LT,: iSBefeirtetftf^^tf And when the 1 above-mentioned modification 

±.m&nMmi itm^Wik catalyst 11 reaches in the above-mentioned 

&\z.\'tW'feM.%.\z.T& L modification-reaction operation at the specified 

fcBS (El 2) (Cfi, ±|B3feST«ib degree of setting degradation, for example 

illCSU^MLt fixed temperature, (FIG. 2), reproduction: 

*©^£&0S#£*fe«:fr* operation of supplying air to the 

K JbIE&ffSfS& above-mentioned modification catalyst 11, and 

ffrfcfTfcH, aiming at the; reproduction is performed, after 

fc£ J<t 0 £ LTifc that, the above-mentioned modification-reaction 

ft#*£*lii?-5 0 -. operation is performed again, this 

• modification-reaction operation and 

■ : reproduction operation are repeated, and 
reformed gas is manufactured. 

10 0 3 61 ; [0036] ! i 

OT, ±IEefcK*2Siro#, |¥ Hereafter, it illustrates in detail about the 

MzmwirZ. E13(i, above-mentioned modification method. 

iSHafcSC^ffifc/flHS^y- First, FIG. 3 is approximate account figure of 

fr&nmWommpLWm-Cki methanol-reforming apparatus used for the : 

5o *SMtt. &^ftfej&li£ above-mentioned modification method. 

ft^LfeSf^i^l <k, This apparatus has reaction tank,1 filled with 

Hz.tfy^2 2. modification datalyst 11, solutidn tank 21 

38 2 3 , 7*24^L connected to thisreaction tank 1 through pump 

T«!fcLfc»tt*y* 2 1 i, 22, carburetor 23, and raw-material pipe 24, 

i i 

i : • , ; 
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±&&m*>*l\^%,^7 and blower 31 connected to the 
3 2&jtLX&»LiZ'7aT7- above-mentioned reaction tank 1 through air 
3 1 £**rt-5. pipe 32. 

1 ©T«Mq*tJfeff#** Moreover, in downstream side of reaction tank 
mm+m#xi<4 7 1 2 , : 1; it has reformed-gas pipe 12 and purge pipe 
s<— >s<J zfl 6&G ■*-.«. S 16 which send out reformed gas. i 
fcfi>*Ht, tym&t^-*M Reactioritankl carries out heater heating of the 
*LT. *M*m% HZ$m* outer wall, and carries out heat supply at 
"^ So modification catalyst 11. 

[0 0 3 7] j [0037] 

±SSS*&y^^lf*9©ffl Moreover, various concentration, such as 
tXSCOMSjfttjft,; temperature: ;or CO concentration in ' the 
yUtMxmm&mtHLX, ±m above-mentioned reaction tank t, or gas flow 
'U72 2 X\Z7u 3 1 & rate is detected; and it has controller 3 which 
=»i/ ho-* 3£ carries out operation control of the 
Wi" 5. Jfc, i^yhn-y above-mentioned pipe 22 or blower 31; 
»*»S^lrtit«l«Lfc«i Moreover, this controller has catalyst layer 
«WAP«a«-fe^3$, ** entrance-side temperature sensor 35 arranged 
KMttlPlMU^a 6, X in reaction tank 1, catalyst layJr outlet side 
^P*»«* thermo sensor 36. entrance-side concentration 

t*^3 7fl|n«Mt^ sensor, gas-flow-rate sensor 37 outlet side 
Xtt#xm&±>+3 8&G-t concentration sensor, or gas-flow-rate sensor 
So . j 38. 

10 0 3 8 ] ; [Q038] 

±mskWm^J:<0, ±mn If it illustrates per by the above-mentioned 
1 «*lao#«*-r' i mproV er when performing the 
5<k, *1*Kl£*>'* lfcfijg above-mentioned modification method, 
^ y ^ 21 ft©**; -A* methanol in solution tank 21 and liquid mixture 
V7k<Dm&® 2 0^2 2 20 of water will be first supplied to reaction tank 
izXV&fcfiy* m<DHScnm I With pump 22 at modification catalyst 11 in 
$1 lie ttf&-t5o ; reaction tank 1. ; 

±m&mk*i> 3 010 *C^jtBl^: At this time, the above-mentioned liquid mixture 
Lfc&flj* 23l;i!) is vaporized by carburetor 23 heated at about 

ti, BWsU 7 2 4 X *) 300 degrees C, and intromission is carried out 
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ffitmAtSinZ. pim* V? l in the state of gas from raw-material pipe 24 
<D*mt® 2 9 0 °C\ztm £ ti Outer wall of reaction tank 1 is heated by about 
5= tLT, mmm¥i^mmm 290 degrees C. 

2 8 0tl^V,TkSS^# And modification-reaction operation is 
fr'ntehtl, KmiSx (H 2 ). performed in catalyst layer mean temperature of 
tmmp* (CO2) i^P,^ about 280 degrees C, and reformed gas which 
^^^mcMX^-f x consists ; of hydrogen gas <H 2 ) and carbon 
2cf9i£tt£ft£o dioxide (C0 2 ) is sent out from reformed-gas 

pipe 12. 

10 0 3 9] ■ [0 039] 

Z<O£0lZ&nkfomnm% Thus, while modification-reaction operation is 
^t^5lffll:, WIU performed, modification catalyst 11 degrades 
li&*K:#{fcLX^< 0 ^-e; gradually. : 1 ' \ 

Km* 1 ^<D^|fftfe^ i i Then, if thermo sensors 35 and 36 catch thing 
©«. Mz-tfAaWmtm whose temperature of modification catalyst 11 
nWmvWU^, mm*> in reaction tank 1, for example, mean 
&fe£ik&T*&$Mz.tf 2 8 temperature of entrance-side temperature and 
S^fc^L^i^aSfi?^ outlet side temperature, is the specified degree 
*3 5..3 6j5S*irp^1-S£,; of setting idegradation and which was raised', for 
=» ^ h o-y 3 li^y 2 2 £ example at 285 degrees C, controller 3 will 
f¥±-fZ> 0 i-tz, itit&lcg suspend pump 22. 

fc* V? 1 (7) t -*aifc*fltjh Moreover, heater heating of reaction tank 1 is 
U ±n*« 2 q suspended with this, and supply of the 

it1"5 0 pj , above-mentioned liquid mixture 20 is stopped 

*fls#*ih*Ji5.!fti,*-p,. •=•; Accordingly, modification-reaction operation is 
^ho-7 3li^D !7-3 l$r: stopped. ! i ; , ! ! 

f»**T. 7-3 2 £ : Subsequently, controller 3 operates blower 31. 

# L T. RfSfypift sends air in reaction tank 1 through air pipe 32. 

*r*0W£»fMrfiMfc$. and performs reproduction operation 
ISfW^^^^^^i: Gas. at the time of reproduction operation is 
6 5#ttJ1J"S. ; : discharged from purge pipe 16. 

[0 0 4 0] i [0040] ] ! 

±m<D&KK}Z® l mvn4LW l Profile of temperature change in reaction tank 1 
fmfcfctt*. at the time of the above-mentioned 
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OfiJt^ffc, &ffSJ&$M£B#<£> modification-reaction operation and 

gfrSJ^teo^g&igiK, £ reproduction operation and 

fc-t cOgB^r&^lftPpigSrlgl 2 ic quality-improvement-rate change at the time of. 

^i" 0 WiM^Tjki' Zb < , BrffSj modification-reaction operation is shown in FIG. 

b&iz&WWi£*^fcTL,i 1, and the expanded-time-base-sweep 

.&ffRJfc<&®*&fb&*/h$'< # explanatory drawing is shown in FIG 2: 

0, £fc^H(w#o"tKJk£ r >' As showh in both figures, quality; improvement 

?fa<Dfiki&MM.fehfe*\z±%- rate falls gradually with time, and heat energy 

■f"5o ^ It, ^iiJf iLK^IS: absorbed of modification reaction becomes 

fe'£ik&b LTt2£LfcaS smaller, and catalyst layer temperature in 

(±12 ? 8 5"C) ,£"C±# Lit reaction tank also rises gradually in connection 

bZ\z&±&ftt£mftZftti: withthis, ; 

0 a -tLT, *:<D'&MTf&'j£f%. And when, datalyst layer temperature rises to 

J&l&f^SrtT ft o o itilc J; 9 , : temperature (the above-mentioned 285 degrees 

121 1 < , &K35|2ft C) set up as a degree of setting degradation, 

$4 1~4 5lc:75-f*w£<{6 the above-mentioned reproduction operation is 

T, .t#, i&T<D¥W?W;m performed. 

9 5Si"o -1 faipffl ot, jft And after that, modification-reaction operation is 

$Ug<£?fi&t>ftgiU l 0~4 5 performed againi 

Olc^.-f-rir<, V?1f#Vm Accordingly, has; shown in FIG 1, quality 

£•$1 K> T&~t 0 improvement rate repeats zigzag state of 

decline, raise, and decline as shown in curve 

■ ■ 41-45. 

In connection with this, temperature of catalyst 
layer also repeats zigzag state as shown in 

] curve 41 0-450. ■'■ 

! . • i i i . ' I < ■ , t . 

[004 1] [0041] 

$.tz, m2&, ft&Mkfttit\z.j3 Moreover, FIG 2 shows temperature state of 

ItSto^^OMStfcS^r^LT catalyst layer at the time of 1 reproduction 

l5)Hi-7j*-ri*£ < , &® operation. 

&/£^f£NH^Ml£:li#?>«r ld±# When temperature rises gradually at the time of 

U j&Z£#{fcfiil?fc3I£^fl£8: modification-reaction operation , and fixed 

izMLitb tl3.il,; _hI5<^w b temperature whjch is the degree of setting 

< , 2 0 <Dik&£1&± L degradation is reached as shown in this figure, 

>9 1 <D fc J -#fc®i%1& as mentioned above, supply of liquid mixture 20 
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it LT, 3£ifS£6to£ T^fi is stopped, heater of reaction tank' 1 stops heat, 
£-tir, s£^£1&#oi~<5o ^(Dtz temperature-fall is carried out to reproduction 
lilrSO t < WtikRf&fo J: start temperature, and air is supplied. 

9 , tt!li?)flSlU#t5o; Therefore, temperature of catalyst layer rises by 

"C, *fl?*j"T?tt; f ) te^^<7)?a oxidation reaction as mentioned above. 
J!g£±pg<7? 3 2 O^CIsJLTtv- 3 ^ So, reproduction operation is performed in this 
h d— yUL#/4 s kS£^f££ff example- controlling temperature of catalyst 
0 o -£LT, ^£$lfE©$tT^ layer to 320 degrees C or less of upper limit. 
(-St^fifcKS/^^f^^rtT^C 9o And modification-reaction operation is again 
±rEO <fc 5 LT, fifcSCSJ&J& performed after the completion of reproduction 
fckX&Wfctmi&T. : operation. 

Modification-reaption operation and 
reproduction! operation are repeated, as 
mentioned abbye. ' 

10 0 4 2] [0042] 

Hll-li," -hiEf?£&f£ Furthermore, in FIG. 1, decline state of quality 

&frt£t>t£fi^tz^&\z.$ort %> improvement rate at the time of not performing 

&W^&i&TVi1&%M$L&B4 the above-mentioned reproduction operation 

9"C7F>fc 0 ±#Jte, 3fc was shown witlydotted-line curve 49. 1 

Wf&ti&k LT, ^:p#AtK^ £ Moreover, lessons was taken for upper example 

yMfifttdC uO — ZnO — Al from modification catalyst (refer to FIG. 4 of 

2 Oz frbt£&f&^fa / J : i%:%L$f Embodiment 2) which carried catalyst 

LfcfifeSCfli^ (^J£fl2li#y 2 <D component which is honeycomb metal carrier 

0 4#$) t£o#7^Lfc 0 made from CuO-ZnO-AI 2 0 3 as a modification 

i cdtalyst, and it was shown. 

" 1 ' ! • \ -i" . ■ i • , 

[0 0 4 3] I i [0043] ; 

±12 J: VfrhfiftZlb < , According to modification method of this 

W<D&W%i&\z&ti&, 2fcftfli invention, modification catalyst can be 

L, i^ig maintained in the highly active state, and. 

^X*t ? / — /^©afeit£:fT& o modification of methanol can be performed by 

^. h &X*£ <5 0 high-efficiency so that it may be known from the 

: at>ove. ! ' ' '• . \ 

i . ,; • 

[0 0 4 4] [0044] 

i 
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1 2 { Embodiment 2 

*W±. El 4, m5\^mi-^t This example, as shown in FIG 4, FIG. 5, it 

< , MMsMWffl 1 \ztf. Lfctjfcff illustrates per which performed manufacture of 

^MSrfflV'TafeS^xcoiiiaSr reformed gas using improver shown in; 

ft -i.tcMtfcmiC.iZfliWt Embodiment 1 example. 

So *T , efcKfl*^ 1 1 li, 13 First, as shown lin FIG. 4, modification catalyst 

4 \z.7fk-f^k < , ?P/i'%lfc5 11 carried catalyst component! 10 to metal 

KfmtfL'dl OZhftLltbti carriers. 

~QhZ> 0 * ^/M§ft5 {i£3&tf> Metal carrier 5 arranges corrugated sheet 52 

5 1 ©fflfc-fcft-^fix&lR 5 among many flat plates 51 . respectively, is what 

2£iElBU ffi%tf§%:i£-& l,tz joined between both and presents honeycomb 

tor*, 6 0 0 -tefr/n^ y construction of 600 cell / square inch, 

So • ..':']!'! : • 

[004 5] [0045] 

0fi±fE¥S5 1, Catalyst component 10 is in the state where 

i&&5 2CD^®{c^^$tt/i:#t surface of the above-mentioned flat plate 51 

fl§l-fc£o ±flEi* : ^/Hll{fr-5 9 and corrugated sheet 52 was attached. 

5 1 &#t-5 2fi*r>V Flat P |a te 51 6f the above-mentioned metal 

^^9^5rffil N Tfe5o ^ 9 As% carrier s! and: oorrugated sheet 52 have used 

fttSt-t-SttjBEfigi&l 0©ft» stainless steel plate. 

Mlt l 7 2 g / ]) y h /i^ "C Burden of catalyst component 1 0 with respect to 

So «4lfifc#li; ^4 2g* 0 / 0 metal carrier is 172 g/l. 

CuO-#)4 7li%ZnO- Catalyst component consists of AI 2 Oa about 

mil M% A 1 ; 2 0 3 & b*£ 42-weight% Cup-about 47-weight% ZnO-about 

5o W^im^oTli,; 11weight%. \ ] : .; , 

£ T^tf) (CjItc^ ^ \Z J: 9 , In modificatioh-riBaction operation; reducing gas 

^Ji<D^#jfijf£ 2 Q 0T:, performed reduction treatment first at mean 

2 0 0 0 /B#T% 4 B$ temperature of 200 degrees C of catalyst layer, 

F^iS^^S£ffftofc 0 ^z<D% and 2000 /h of gas space velocities for 4 hours. 

fifeSSft^f^$rtT^oyco After that, modification-reaction operation was 

performed. 

[004 61 [0046] 

efeWS^SIf^(-*JV N Tf*, ^ 9 In modification-reaction operation, liquid mixture 

i < i 
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(-T^ffc^-tfr, rtu^ 2 6 0~ 
2 9 OlCOttllEJilfl^, 
-^SKiia (LHSV-M) 

= 2 h- 1 -cwi&tfc. *Kgis 

' - i ' i 

■ : 

[0 0 4 7] 

flEK£#fl:aE"T?ik6 2 7 O^Cld 

Kotz 0 &%.mmm 2 5 

£^£0. 2~0.! 4 y y h/U 

oo/p$t-, wmmftimffe-r 

5wi»c«t«9, lO#|BKTfco 
MIKJ|oajC^3 2 0t;£&;t 
Ltz„ ft}?, S4fc75^5B#F^ 

ftv\ *©«RltK«>lf4*f^i 

to ; ■; :i 
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which consists of 47 weight% of methanol and 
53 weight% of water was vaporized with 
carburetor, and this was supplied by methanol 
space-velocity (LHSV-M) =2h" 1 in 260 - 
290-degree C catalyst layer. 
Composition of reformed gas obtained by 
modifications reaction operation was measured 
by gas chromatograph. 

Moreover, in the above-mentioned 
modification-reaction operation, patalyst layer 
entrance-side temperature of 270 degrees C 
was set up as a degree of setting degradation. 

[0047] i ; ! 

And when catalyst layer entrance-side 
temperature rose at 270 degrees C which is the 
above-mentioned degree ,of setting 
degradation, modification-reaction operation 
was stopped and reproduction operation was 
performed immediately. 

Reproduction; operation was pertjormed for 10 
minutes by being 400 to 800 /h!in 0.2 to 0.4 
liter/min, i.e., space velocity, and supplying 
about 25-degree C air in catalyst layer. 
Moreover, at the time of the above-mentioned 
reproduction operation, air amount of supply 
was adjusted so that temperature of catalyst 
layer might ribt exceed 320 degrees C. 
Furthermore, time concerning reproduction was 
less than 5 minutes from temperature change. 
After the above-mentioned ■ reproduction 
operation completion performed the again same 
modification-reaction operation as the above, 
repeated reproduction operation, similar after 
that and modification-reaction operation, and 
performed them. 
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[0048] 

FIG. 5 shows catalyst layer temperature and 

i 

quality improvement rate of 380 to 410 hours 
after the catalyst layer beginning of using at the 
time of repeating the above-mentioned 
modification-reaction operation ■ - and 
reproduction operation, and performing them. 
Moreover, to upper part of this figure, time 
which performed reproduction operation is 
shown by arrow head. 

Moreover, CO concentration in reformed gas at 
the time of each air supply and catalyst layer 
entrance-side temperature seemed to be Table 

1. : ' ' : ■■ : \ 



[004 9] 



[0049] 
[TABLE 1] 



Ml*" 
OW) 


coftK (%) 












3 8 5 


0. 4 9 4 


0. 4 7 7 


2 70 


2 6 9 


3 9 3 


0. 4 9 9; 


0.50 1 


2 7 1 


2 70 


401; 


0. 5 3 5 


0. 5 13 


2 7 0 


2 7 0 



Table 1 . ! 

At the time of reproduction (time) 

CO concentration (%) 

(Before reproduction, after reproduction), 

Entrance-side concentration (degree C) 

(Before reproduction, after reproduction) 
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As known in this figure and Table 1, it finds that 
temperature of catalyst layer is maintained by 
about 250 - 31 0 degrees C during 
modification-reaction operation, and quality 
improvement rate maintains 95 to 100%. 
Moreover, it finds after each reproduction 



operation 
improves. 



that 



quality improvement - rate 



[0051] 

Embodiment 3 

As shown in FIG. 6, as a reproduction operation, 
this example is i liter/min (N 2 ) of nitrogen gas 
first; it performs purge of catalyst layer for 10 
minutes, after that, supplies air to catalyst layer 
for 0.2 to 0.4 liter/min, and 10 minutes, and 
shows example which moreover performed 
modification-reaction operation again about 12 
hours after. 



[0 0 5 2] ; 

* ft * o tz B#^Sr^PP T* 

fbfiittfflp;cpftSo, 5 

mm& i o. 1 5 3%*®jLk>kh 



[0052] 

Moreover, to upper part of this figure, time 
which performed the above-mentioned 
reproduction operation was shown by arrow 
head. 

In this case, 0.53% of outlet CO concentration is 
adopted :as a degree of setting degradation. 
When outlet CO concentration exceeded 
0.53%, the above-mentioned reproduction 
operation was implemented. 
Moreover, CO concentration in reformed gas at 
the time of each air supply and! catalyst layer 
entrance-side temperature seemed to be Table 
2. ■! •• • 1 •• i 
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[0053] ! 
[TABLE 2] 





. CQRS (%) 








" mum 




5 3 1 


0. 5 38 


0. 522 


274 :; 


2;78 


540 


0. 5 33 ; 


0. 5 2 0 


2 7 4 


2 7 4 


5 4 9 


0. 5 3 2 ; 


0. S 1 1 


2 7 4 


2 7 5 



Table 2 

At the time of reproduction (time) 
CO concentration (%) 
(Before reproduction, after reproduction), 
Entrance-side concentration (degree C) 
(Before reproduction, after reproduction) 



[00 54] j ; 
5. M&jfcfftftlctt.i 

5o 



[0054] 

As known in this figure and Table 2, even if it 
performs reproduction operation after purge by 
N 2 gas and performs modification-reaction 
operation about 12 hours after reproduction 
operation, it finds that high quality improvement 
rate is maintainable for a long time. 
Moreover, after each reproduction operation, it 
finds that quality improvement rate improves. 



[00 5 5] [0055] 

±EEtf>N 2 '^flN.a t C Furthermore, mixed gas with N 2 , C0 2 . or H 2 0 is 

0 2 Xl$H 2 O b'0>t&&tfx'"b sufficient as the 1 above-mentioned ;N 2 gas, and it 

tct<, &%. t P<Df&%&f%&X' can also use reformer for transfer easily by 
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$ ) —J\' J $%L%iS7*$*<b oxidizing oxygen in air with methanol which is 

tK^, CO <kg£flSlxf£cF-£Tl& raw material, hydrogen in reformed gas, and 

5fe-f 5 Z. t \z i «9 , ®W}%&n CO, and removing it. 

[0 0 5 61 [00561 

■MMMW>&1 4 Embodiment 4 •: 

#Mli^ 3 KTF-fCb < , £i* As shown in ITable 3, this example performed 

%%WtW8\ 2 t W\— flW&"C|pI— modification reaction on the same conditions by 

&^T'3fe§fixJ&£:fT&V\ &ft the same catalyst as Embodiment 2 first, was 

m&8 7 Lfclfcfi learned from catalyst in state (t of front test) 

(^coi) (Df&i&izfcfflf&e where quality improvement rate degraded to 

2-36001 is & h-oX, B 87% at Unexamined-Japanese-Patent No. 

m# LX&'&B.fc 62-36001, supplied only fuel gas. and 

^l£,fi*$£'t J l::£§t£^ALfc: 0 introduced air in catalyst into' modification 

-?:L"C, %&1&jfx 'k&'Rtf*t reaction. 

$£fH (£M) i: ^rfi4^ I t , -e 3 0 And fuel gas, reformed gas, and oxygen (air) 

~ 5 0 #HH^# £ -fr^, ^ were under catalyst, it was made' to coexist for 

niix t&.'&tf* bmm<,£&) 30 to 50 minutes, and back carried out 

*#T^ecSx"ffixJ&Lfc: 0 Z<DWi modification reaction to this fuel gas and 

-n^c&W^. flif &■ l^f^^f reformed gas under oxygen (air) coexistanee. . 

(^^(D 2 t 4)„ ft LT, 3;^, Quality improvement rate in this case and 

£jJb#>, j^i^tf* $r&jj&L temperature are shown to same table (2 and 4 

fc^^&SC^,M£^-f (^ of front test). 

And air is stopped and quality improvement rate 
at the time of supplying only fuel gas and 
temperature are: shown (3 and 5 of front test). 



<P<D3 t 5) c 



[0 0 5 71 I [0057] > 

M 3 frb ffl b fate X 0 £. Even if fuel gas,: reformed gas, and oxygen (air) 

13* h ^k'S.ii^ t S£^f are under catalyst and it coexists them as 

£fi£$£ t P"C&#$l£'T , bfi : £li evident from Table 3, reproduction does not 

b~f, (JfeSf^fitHllg L&^\, take place, and quality improvement rate is not 

-£<a&, ; *%W<nU£.mft*m recovered. 

IS Lfc^-S-O&S^, After that, quality improvement rate at the. time 

&{Z7jk-f B of implementing reproduction operation of this 
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invention and temperature are shown to same 
table. 

When modification catalyst performs 
reproduction operation of this invention, active 
recovery is carried out, endothermic reaction is 
active made, catalyst layer inlet-port 
temperature falls, and quality improvement rate 
is regenerated sven to 99 % or more equivalent 
to modification start initial stage (6 and 7 of front 
test). 

i 

[0058] 



[TABLE 3] 







LHSV-M 








Woco 
dby. vol. % 


(%) 


AR 








1 


* 


2. 0 


299 


266 


294 


272 


292 


f 

0. 3 9 


87 


2 


'* 

2&;0.15IVmin 


: i 2. o : 


301 


26 3 


325 


2 68 


291 


0. 33' 


86 


3 




\ 2. 0 

i 


29 9 


26 7 


■j 

294 


- 2 73 


291 


0. '38 


86 


4 


* 

£ft ; 0.28L/min 


2. 0 


24 1 


257 


369 


260 


2 93 


0. 3 5 

1 


8 8 


6 


t $ J —A" 

; * 


! 2. 0 


298 


265 


297 


271 


290 


0. 40 


85 


6 


* 


2. 0 , 


2 2|8 


26 6 


314 


217 3 


290 


0. 153; 

1 
1 


9 9. 8 


7 




i 

2. 0 


300 


26 1 


268 


2 72 


289 


0. 4 7 


9 9. 2 



(Table 3) 

Horizontal Heading: Modification property under oxygen coexistance, and 
reproduction existence, combined provided object, gas temperature (inlet port, 
outlet) , Catalyst layer temperature (entrance-side side, outlet side), reaction 
tank wall temperature 
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[&W<D$h%:] I [ADVANTAGE OF THE INVENTION] 

#$&VJHZ <£ titi, &KM^SriS5 According to this invention, modification catalyst 

?£t£#ifi(^*§^ U ;§JWfH!tc;St can be maintained in the highly active state, and 

9 fS^^T*^ * /T->^fife^£ modification method of methanol which can 

9 £ <k jS s "C#.i / 9 J —A* perform modification of methanol by 

<O^^^^^W^f^ t high-efficiency over long period of time can be 

£5 0 ' provided;- ; 

[iS©WW] [BRIEF DESCRIPTION OF THE DRAWINGS] 



[Hi] [FIG. 1] 

£1&MWiWl 1 fcfcfctS, efcte Diagram. which shows relation of 

/&$(f£R#FiJJ i: , i&W^&tWiWi rhodificationireaction operation] time' in 

Jf MS^M^^t^lII,, Embodiment l. and quality improvement rate 

and catalyst layer temperature. 

im2] [Fia 2] 

1 {^fc^S, lf£J& Diagram which shows temperature change of 

^^cD^^lc^Mt5>ftt^<D?| catalyst layer of back and front at the time of 

S^{k^r^i"^lilo:. ; reproduction operation in Embodiment 1. 

IIS) 3] [FIG 3] 

MWH&f&W 1 l-iottS, 2feff3£ Explanatory drawing of improver in 

I Embodiment 1 . 



IM4] \ [FIG 4] 

%W&%.&\ 2 ic&tt ?> , p< Explanatory 'drawing of metal carrier catalyst in 
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[FIG. 5] 

Diagram which shows relations, such as 
modification-reaction operation time in 
Embodiment 2, and quality improvement rate, 
catalyst layer temperature. 



[FIG 6] 

Diagram which shows relations, such as 
modification-reaction operation time in 
Embodiment 3, and quality improvement rate, 
catalyst layer temperature. 



I. .. tt&9V9i 

II. .. mm, 

2 0... *9 S —A' bfo(Dt§&'& 

m. 

3... hP-:^. 



[DESCRIPTION OF SYMBOLS] ; 

1... reaction tank, 11... catalyst layer, 20... liquid 
mixture of methanol and water, 3... controller. 
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top vertical axis: : • quality improvement rate 
41-45: This invention 
49: (Conventionally) 
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bottom vertical axis: Temperature 
horizontal axis: Time 
dotted line: Setting concentration 
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[Fia 2] 




Fixed temperature ;of reproduction start 

Temperature cooling of the degree of setting degradation or as it is 
Reaction Reproduction Reaction 

vertical axis: Temperature \ ; ! ; i ! j 

horizontal axis: time ! 
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[FIGl 4] 
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Vertical axis: Outlet, Quality improvement rate;^ Catalyst layer entrance-side 
temperature, Catalyst layer outlet side temperature, Catalyst layer mean 
temperature 

Horizontal axis: Elapsed time 
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[FIG. 6] 
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outlet side; temperature, Catalyst \ layer mean 
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20 su6/fx (jtfs-fr+imtix) k&.mmk<Hgm 

tf2~-7/B*fc*#<. ££tt**»v>. U*co* 

«*HS<«&&t:w, ±asaas«. ttO. 3-1. 0 
/mk'te>\ 

[0023] ±&%&£<t&t\±, zmacoismBum 

30 jwm^frt*as#i8o-3 2o?c(7)a!>iia®ias 

i8o~3 2ox*:i3vvctT5:5fctf>. -e»aiaRas 
ma«J:0i»o. i~i4ox:iSv^aft*a^flieEi: 

[00 24] sfcfc. JiiEift^ftftli. supcoiaajr 

«. Mitf. co»s*«o. oi~2%^faov^-r#i*» 

aCO^fc^Lfc$££iB£$ft£k-*-6. COtt. 

xmk tx^mthm. mt&mmsMmmms 
[0025] *mxn&m)m<Dwm t ixurnxx 

so akura*Wiik«. «m«>ft^^A^kfc*« 
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[oo26] tt:. ±m$&m\i. omomm 

6. ZW&iMi. Mta, KSJ&W8 0--9 9. 9% 

too27] ±g&iswi. mtmatmh. **a 
a. coi as. *?y-;ws£. hi 09&. 

[0028] Ksaes^+oas^c oae. xiiflt 

<ovv*«*ia\ XJi^aftic J: OtftfiteS *fc*>. IBS 

[ o o 2 9 1 acc, ±sm±»mzt3»isss^mt 

\t. MSJBlZtUf&tfxQim&t: 20 0-8 0 0/B* 
fTi^t^fftLv^. *i>. C<^SBS£a«. 2 5r 
<o£«£fflvvfc«£<ofi-CJ>S. 200/iKj*Srm?f 
&S#fcgaaa«:£U 80 0/l$*«£Sfc. 

-rrh<, aawtt&o^a^JJiLSgx. st«« 
* D ( jfflg ) LtiSttiWjjWS 

KTffiSMftlftW:**. 3 2 0iC*ffl£=3Ti>$r£tfgg»£ 

[0030] IP*. ±£H*Sfmttt. SESWX&fcfc: 

«#4> CKSItf* <n*&ij-x £ 1 oT-MCu 

[0031] -t^T. z<mnm&mLtMzwa 

&.ff)±m±, 4 5 0T;#iff* L< . L< tt 3 2 

[0032] JJE»tSfWfc*J»t^SESR<0fi9att. 31 
ilfcJt •) . H4iiff*®aT ( 1 80-3 2 Ot:) fcfc 



Jt Off* 5 d fc * . C^fcll ttSBfcS© 

#>. ^mmmwiiimmvmmt 1 o o~4 5 

0 & i t A 1 ** L < Sefcff 4 L < « 1 8 0~ 3 0 
[0033] SUM, tt««B&m^«S^ftet3S 

•4. j^rakNi. sutraa^. si&*H&a*T 

[0034] 

mmt. H2. H3t^-rfc<. atsMiti i<o* 

[ 0 0 3 5 ] * LT . JJEfcHRJEStt *\Z±33SLWti 
«£1 Wi-tf^ta^^L^K 

02 ) ct*. jjaasftaK 1 1 *c*t lt?esvS-<h&l 
[ 0 0 3 6 1 ot. imamxauz-os . b«»^bw 

4-f. H3I±. ±SB«!*ffi«cffl^4>^>'-;WJ[ 
BSS^BSiJB^C#>&. *£iS(i; 25t@«jSl ISr 
3BSL3tRJB^>71t. SRiB^V^lfc!tf>'r2 
2. »<t»2 3. H»^r24^tTS«Lfc»a[ 
9V9 2 1 fc . ±£KSB9>9 1 fcSESl/M 7*3 2i^ 
LTt^Ufc^n^-Slk^-rS. RK^y 

^ i <>9Ta«t:iiiS«i^*aa}-r satH^x/x^ 7- 1 

40 2. ><-^>UT16*«^-i. RJB^V^lli. rtfi 

s-t-^makLx. 3t«i««i i«»fi9^r6. 

[0037] tit, iHRfc^^lrttoa&XttCO 
fflgPSrf#^B8[. X«Xfx8SS«r«l«LT. JJE^M 
72 2XI47P7-3 1 £j»B»»**3> 3 ; 

*^rr*. a3>hD-7iiRK^i'^irtfcfi 

SL^««y0APBfflffi-fe^3 5. MMUBibQOag 
■fe y*3 6 . XliADWBK-fe y^xttxrx«a* 
3 7^P«ak*>^-X»4^aS-fc5^ : 3 8*#t 

50 [0038] jtfaraiaifcj:'). ±aat©*ife*fr* 
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V&itziSffii-t&k.. t-fBX9y9iai3m9 
y 9 2 1 rtf>* 9 y-;i'fttf*<a8£»2 o iffyr 2 
2ti')Rl5^^^ lrt<02tttll*£l ^ 
Ok S . ±£S^ffl*i»3 0 0\;fciB&UfcS«fcS2 3 

Hi. KJ69>? l<m&it*)29 0X;izW!:$tli>. 

ftitfr%*xtt. K&ifX (Hi ) tm#X (COi ) 

h. 

[0039] tt>£ o£&m&Umfrffi%*ttlX 

j5*>? i rto&ftMS 1 1 offlK. w ta xnosm. 

itf28 5lCt=±»Lfcit&ae-t^3 5. 3 60* 
*Wf-tht, 3>hTi-53&1ty72 2Z&£t 

L. ±&MHim2 0<r)tm*V±-t&. Clue* 0 ., St 
JtKBtMfePf>jl:8#l.t. <*we, 3VbD-?3«y 
u7-3 1«:fB&5tfT. 2£1tLX . R 

J6*v? lrtfc2«*iS9«£Sff£tT*3. SJfeifWe 

w»;«r;iii/*-s>/t4 r 1 6 i *)matt . 
[0040] ±mmMsxmmmmm^» 

i. RJB9>9 lrtWSffiSHk. 8JBRJCSfW<Oi5Wr 

x. wmaBbms&it&t txmitiwi < jje 

2 8 5X:) 4T±#tJtkSWiljBil^6^*tr s 8r 
3. *LT. *<^HtfaSR«i§ftefr*3. iW: 
J:9. 01tcip-frt<, «Smtfi)84 1-45^ 
•rrk<fiT, J:#. fiTOi/'^if^q«B*»0Jg-<-. 
i*itffoT. JK£Jgoa&t>tttS4 1 0~4 5 Ofc* 

oaftttBir^LTOS. HHC^rrt<. ttSRK 

strsurkSfcii. ±£<ort<. a^«2o<o«ift 

£ffikLR16*y? lOh-^jWafcffitLT. W£R! 

;t, *wm. «aaui<^aa*jj»<o3 2ox:«Tfc 

fl^T^mraSRJOi«**T$r 3 . ±E<0 J: 3 fc 
IX. tt®RJSSffkH4«^taO£i-. 
[004 2]**. Bltett. JJJP&life*fT**>* 
*^fcJ^JC*jlt*iSS*^5T«®*jjS«l»a4 9T 
iSSjIWEt LT. 
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[0043] J^J: Ottfefiirt < , *BB*0BC«l# 

* 9 y-zWDjaSfctr* 3 £ b tfTS * . 
[0 64 4]HMBBnSM2 

osawt*. a*. &©i«ii itt, H4tiKtrk 
10 <, *9frm5tzmsst&ftio&mit:t><>>x-t> 
& . * 9 turn 5 it&suwms 1 «hc* ti-ehass 

5 2*KSU fUSBfclS&UiiWC. 6 00W 
TOT Vf-WV=.^AflBS^MLTVvi. 

[ o o 4 s j 1 oiujehes 1 . «as 5 2«> 

51. «fi5 2»4XT^W^««*fflV»T**. 

&*Mtt-«iiKft» 1 o<offl#»i 1 7 2 g/y •» h 

*T*>&. WSMWHi. »4 2HS?6CuO-»4 7fi 
S%ZnO-»l lfifi%Al» Os *»<5>*4. »SR 

<wms&26ox:. nf*2gm&2poos&t. 4 

[0046] amKMfNS&t vciit ^ y-/W4 7 
«S5«i:*5 3Sft%J:»)^iffl^il!=&. Sv-lfcJSfcTft 
ft?*. Cl*l*26 0-2 9 0'C<0«Mrap»ifc:. *9J 
-)V28&U8i (LHSV-M) =2hH-cttl&Lfe. » 

30 fc^TU. a^ftRkLT. Mfl»AaiSaS27 0 

[0047] *LT. JIWreAPIIIiaiSE^J^Ift^fl; 
ST«»4270 , Cfc±#Lfcl$jftT. i4fiRiMM^*+ 

0 . 2-0 . 4 'J v YA,/*, «J%2a®SS4 
00-80 0/^T. JIMtHrtCfla&t&ikCJ:*). 

i o*HSff3T->fc. ±a»4iawmfc«. 

<oafi»<3 2 0X:^Si.^J:3(c. £$v<*ttfi£3ffi 
«t«9Stff>9r->fe. 

[0048] H5tt. JJEaitgjeSff. S4£fit^?:« 

-4 1 oi«a<ofa«)«ara^kiSf»^ 

X«K)CO«S. JWSSAOHfflSli. «10«t3Tft 
» [0049] 
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[0050] ^H2«miJ: l )«l^niri:<. BtfiR 10 
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(OO51]SQS»SS0«3 

B6fcjjrrr : i:<. M&mtLx, a-rsw 

( Nt ) h/P/fl-C. 1 6>ia. «8Btfv< 
It. 104HSI. AMKHfcftteU SBfc»12l«Safc|f* 
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[00 54] HBRtf*2J:0»i4><xirfc<. 
«MNiH4Sf^)»12i«SiaM=ff«:oTt,, gKScS 30 

[00 55] ±ffiff5Nr tfXMtNt fcCOt JWi 
[0 0 5 6]38t£@fl4 

*Wia3t*1-rk<. i-mt»®(fl2i:^-<l«l 
■C|S|-^T8S[SSJ6*fi=3rk\ aS**»87X4^ 40 

fcLfctt® i ) evmazmme 2 - 3 6 0 0 



<aSR> tJrJ*«+T3 0~5b3Ha*»$* 

»LfcJ©&raSS*. fflKfcjj?*- («4»<03 fc 5 ) . 
100571 9t3trt>mi>#<tX*(Z. «*W*fciS« 

<>>?. asmumtzw *m<mam 
zzmLKmfrmnttm. s&zmm&rct. mum 

mBU6tfmmwmm*.Qmsi\t&TL, urn 

<£**>6fc7). 
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